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ESEARCHERS AT the University of Nevada at Reno have developed and tested a permanent concrete bridge system that is uniquely capable not only of withstanding strong seismic forces but also of being dismantled and reassembled elsewhere should the need arise.
This futuristic bridge contains all of the typical components one would expect in a bridge of prefabricated concrete: footings, reinforced-concrete columns, and a concrete deck. What sets it apart is the column connections at the footings and deck, according to M. 'Saiid' Saiidi, Ph.D., P.E., F.ASCE, a professor in the civil and environmental engineering department at the university. These special connections at either end of the columns are plastic hinges and enable the bridge to be resilient in the event of a strong earthquake. But these hinges have also been designed so that the columns and deck can be moved and reassembled without diminishing the bridge's seismic performance. In this way, a seemingly permanent, seismically robust concrete bridge could be quickly relocated if it became functionally obsolete during its design life.
Even if the ground conditions after an earthquake appear stable, conventional concrete bridges can become damaged for two reasons, Saiidi explains. "One is that typically there is a permanent tilt of the whole bridge structure, especially if it is relatively close to earthquake faults," he notes. "The second issue is all of the damage sustained in critical parts of the columns-the chunks of concrete falling off to the point that all the reinforcing is exposed and you just don't feel safe about the structure anymore."
The plastic hinge system that Saiidi and his team have developed with funding from the National Science Foundation resolves both of these issues, he says.
To create the plastic hinges they used superelastic rods of an alloy with shape memory as reinforcing material at the connection points between deck and column and between column and footing, according to Saiidi. Rods made from this type of alloy are considered "smart," he says, " [because] they remember what kind of shape they were before the earthquake, so they have the tendency to go back to that. Because we are putting them in critical parts of the column, these metals want to go back to their original place, and they take the whole bridge back to the original place," he says. And this characteristic eliminates the otherwise permanent tilt that a more conventional bridge of reinforced concrete might exhibit after an earthquake.
While the current tests typically use rods made of nickel titanium, which is costly, Saiidi and his team also investigated the feasibility of using a much less expensive alloy of copper, aluminum, and manganese. This performed like the nickel titanium rods, he says. Saiidi is now working with the Japanese-based Furukawa Techno Material Co., Ltd., to develop bars of this alloy 1 1 / 4 in. in diameter that could be used in full-size bridges.
To ensure that the plastic hinges are not damaged, the researchers tested two approaches. The first uses a special grout reinforced with polyvinyl fibers. This socalled engineered cementitious composite (ECC) is highly resilient and develops only very fine cracks during deformation. The second approach uses rubber instead of concrete at the connection points of the column so that the hinges can deform without the material around the alloy rods dislocating and falling. "In both cases, whether we use ECC or rubber, we have that shape memory alloy. The smart metals are still there, but the cover in one case is ECC and in the other case is rubber," Saiidi says.
Despite the fact that bridges made in this way can be disassembled and relocated, they are not to be considered temporary structures, Saiidi emphasizes. Offthe-shelf couplers are embedded in the deck and footings, and designers would need to "plan the structure very well so that the pieces are connected in a certain sequence and they are disconnected in the reverse sequence," Saiidi explains. "That requires thoughtful planning."
Future research could explore the possibility of creating new types of 
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The seismically resistant, deconstructable bridge uses superelastic rods of an alloy with shape memory as reinforcing material at its deck-to-column and column-tofooting connection hinges. A model bridge using the rods was successfully tested.
connections, analogous to the kit of connectors that arrives with every IKEA flat-pack furniture purchase, albeit on a much, much larger scale, Saiidi says.
Tests on three 1:4 scale bridge column models and, later, on a two-span bridge model approximately 70 ft long were carried out with and without the plastic hinges. Each model was exposed to strong near-fault ground motions meant to simulate those experienced during the Northridge earthquake, which struck California in 1994. The models were tested after initial construction and again after being dismantled, inspected for damage, and rebuilt. The strong, sharp shaking of the Northridge simulation caused large permanent drift damage to the models with conventional columns, Saiidi explains, so the decision was made to use those shake records to test models embodying the new design to see if the superelastic alloys in the hinges would cause the bridge to return to its original shape without any permanent tilt damage. "The answer was yes," he notes.
While the hinges performed well, the cost of the alloys does add between 5 and 10 percent to the cost of a project. This includes both the additional cost of the material and the detailed design work required, according to Saiidi. However, with the use of these materials in a bridge, the savings realized after a disaster would be significant: the bridge could be kept open, maintaining access for emergency vehicles and other traffic, and the bridge would not need to be entirely replaced, saving money. "If one considers all of this, you find that that 5 to 10 percent of that initial investment is worth it, and one will come out ahead as long as these are used in an area which is prone to earthquakes," Saiidi says.
By being both seismically resistant and movable, the deconstructable bridge could further important environmental goals as well, Saiidi says. "I can see, ideally, at some point in the future they might have an inventory of these bridges that have been disassembled and are available and can be shipped and used somewhere else in the country. We are not throwing away material," he notes. "This is just the beginning," Saiidi adds. "We should continue to look into making our structures more sustainable and come up with ways where we don't have to tear down structures once they are no longer needed [and] just throw them away. It's going to require decades of research before we can completely streamline the process and have something that is practical, but this is just like a concept car." The question, he says, is whether or not this is possible. "And the answer that we found is yes, it's possible." TO ENSURE that the plastic hinges are not damaged, the researchers tested two approaches.
